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. Electromagnetic Coupling In

K Computer Circults
Schematic
Integrated cifcuits
cables B _
* Coupling of external
connectors radiation to computer
circuit boards circuits is a complex
Process:
apertures
« What can be said about resonant cavities
coupling without solving in transmission lines
detail the complicated EM circuit elements
problem ?

o Statistical description !
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& Outline
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e Part I: Frequency Domain

— Extracting the universal impedance
and scattering statistics

— Predictions and tests
e Part Il: Time Domain

— Model

— Predictions
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Frequency Domain



@ Z and S-Matrices

%ﬁ“" What IS Slj ?
N ports V= Vi
« voltages and } gé
currents, V, < - N- Port
sincomingand v | System
outgoing waves =
W\ < S=(@Z+2) z-Z
aa (1) (v (V) Z(o) S(w)
Voo > l, V, V, | « Complicated function
Dol : L= . | of frequency
_ . | » Details depend very
w'\') \Iz) Wi Wi/ sensitively on unknown
voltage current refl. INC. parameters.



‘& Statistical Model of Z Matrix

TRYLN - T )

J 1/2 W W Aw 1/2
Z(w =——E R w n—n L R w
=( ) T - —R ( n) a)Z (1_ jQ—l) _a)nz —R ( n)

/ = MxM matrix

BR: MxM radiation resistance matrix

A® . = Mean spectral spacing
Q = Quality factor
a)n2 = Random Spectrum from RMT

V_Vn = M vector of Gaussian random variables
(w,w,") =1






& Universal Properties
G of Impedance

~1/2 : ~1/2
£ B BR (é - JLR)B

e £ Is universal and obtainable from
Random Matrix Theory.

* This applies for (A/L) small.
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Importance of Normalization

| Top plate
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% Past Results

TRy LN

e Predictions for statistics of S and Z
matrices.

» Tests of predictions against
numerical solutions of Maxwell’s
equations.

e Tests of predictions against
laboratory experiments.



% Predictions Tested
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e M=1
— PDF’s of normalized impedances and
scattering coefficients as a funct. of loss.
e M=2
— Statistics of normalized 2x2 impedance
and scattering matrices as a funct. of loss.

— Variance ratios as a funct. of loss [also
Fiachetti and Michielsen, Elect. Lett. ’03].

_ Var[z,]
 Mar[z,,Var[z,,]

VR,




& Some Predictions Not Yet Tested

RETOEN

 Situations where reciprocity does not apply
— Magnetized ferrite>different statistics

 Situations where off-diagonal elements of Z; are
significant.
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@ Some Predictions Not Yet
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Tested (continued)
« M>2: E.q.,

reciprocal 2 _ non-reciprocal

M +1
<‘Sij‘2>: 1 i <‘Sij‘2>:ﬁ

M +1
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Part |I:
Time Domain



& Time Domain Model

o Py
TRy AT

Frequency Domain

/ w, - Guassian Random variables

2
Z() = Jw Re(@)  Adiw,

/A n a)n (]__ JQ_l)—a)ﬁ/ @, - random spectrum

Time Domain

2 2 2
(%+2vn%[+a)ﬁ)vn(t)=—7—lz R(@n) Ay Wy d 10

W

VO=I%0 =2
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Incident and Reflected Pulses
for One Realization
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~Lecay of Port Voltage - Lossless Case

e One Port with an Incident Pulse: (Vz(t)> ~1/t"

e Two Ports Excited Through
Port 1,

a) all ports matched: (Vlz(t)>= 2<V22(t)> ~1/t°

b) Port 1 matched (Vf(t)) ~1/t°"°
Port 2 strongly

mismatched <V22 (t)> ~1/t°

* N Ports Excited Through [y ,2 _ 2 1 [4(4+N)/2
Port 1, all ports matched: <V1 (t)> - 2<Vi¢ 1(t)> ~1/t



Simulations of Average Decay

Log-log plot of reflected pulses for two ports on a loss-less cavity

Reflected pulse strengths
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& Quasi-Stationary Process

1

2-time Correlation Function

(Matches initial pulse shape)
t, =8.0 x 107

t, 3 5.0 107

Normalized Voltage
u(t)=V(t) /<V2(t)>12
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@ Time Reversal Attack (TRA)

RYLAS
Device = Input/Output
<«Chaotic Enclosure

(lossy)

Send the recorded noise into

: port 2 (amplified):
L o

Transmitted back to port 1:

Significant
jump In power

Issues: « ‘Fidelity’ under study
« Magnetized ferrite: breaks time reversal symmetry

20
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& Future TheoreticalWork:

TRy LN

e Corrections for deviations from RMT
that occur when (A/L)<< 1 is not well
satisfied

e Scars - “Anomalous” hot spots

* Networks formed by transmission line
links

o Statistical aspects of coupling of pulsed
signals
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Part |I:
Open Problems



More Complexity in the
S Scatterer

e Can be addressed

Excitation port

Dielectric -theoretically
\T”Ty -numerically
-experimentally

Test port P
—— g e
KOOI
Features:
Ray splitting
L_osses

Additional complications can be added

25



LT
J
5 J‘rJ

@ Role of Scars?

’%}5{’1.&‘?
« Eigenfunctions that do

not satisfy the random
plane wave assumption

e Scars are not treated
by either random matrix
or chaotic eigenfunction Bow-Tie with diamond scar
theory

Ref: Antonsen et al., Phys. Rev
E 51, 111 (1995).
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@ Electromagnetic Topology andWave Graphs
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“Experimental simulation of quantum graphs by
microwave networks”



